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AN INVES’I’IGNI’IONOF m =JJTIONCHARACTERISTICSOF PLAIN

UNSIHED AICERONSON AN.”NACA66,1-u5 mom SECTION

DJ ~ w- 8-FOOI =G3-SIZED TUNNEL

By Arvo A. LuOma

Complete pressme-diatributian “~asuremmtm were made over a
2&inch-chord NACA 66,1-115 airfoil section eqtipped with unsealed.
200-#ercent-chordplati ailerons of true-airfoil.-cmtour~of ile and
30 beveled-trailinP7edgeprofile. ‘Themddel w&s tested ti%h aerody-
IlsmicallyslioothElsf&e13● Section cl&raoteristics tncludlng -oil
~-face, pitc~ment, aileron noimal=forcg, ~ h~t
coefficiants were determined from the pressure data for Mach nuui%ers
Up to 0.75, ad for various ~rfoil =@es of at~ck ~d ~ler~
deflections.”

6
The test Reynolds number at %h6 highest speed

was 7.5 x 10 .

w aileron bection effectiveness for both aileron proffles decreased .
appreciably with Wch nuuiber. The rate of change of airfoil section
pitching=moment coefficient with respect to angle of attack at constant
vslue of airfoil section normal-force coefficient incrpased with Mach
n“@er for loth aileron profiles and thereby agqavated the wing-twist
problem at high speeds= Changing the aileron profile from”the ti~onto’ur
profile to the 30° beveled-trailing-edge profile caused a decrease in
aileron section effestiveness, irregular Mng_nt characteristicswith
ove~bslance at moderate deflections,.adecrease h the section no~—
force-coefficien&xzrve slopes, a decrease in aileron’section.loads, and a
decrease in dection critic~
tive deflections at constant

M&ch number of the a~oil at the lsrger neg+
airfoil section normal-force coefficient.

INTRODUCTION

The I?ACAhas conducted extensive low-peed control =surfaceinvestb
gations over a period of years. Several investigations have been made at
higher s~eds to study the effects of compressibili@ on control-surface
characteristics. Included in such high-speed investigations are the two-
tinsional tests of references 1 to 3. A fuller knowledge of the effects
of caqressibi~bj howeverj iS needed ●

~ 1942 tests were made of ths
section characteristics of plain, unsealed ailerons on an NACA 66,1-u5
airfoil sectim in the Langley 8-foot M@-qmed tunnel. The complete
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aIldJ’SiS and
owing to the

publication of the results of these tests were defeqed
exigencies of other problems more closely connected with

the war effort. The results are being publ.isbedat this time to add
to existing information on the effects of compressibility on wings
with various types of contiol surfaces.

The spectiic purpose of the present tests was to detemine the
=~ed c~ctmfitics of anm 66,1–IJ5 low-drag airfoil section
equip~d with 2&percentihord plain ailerons. A true-contom aileron
having ordinates the same as those of the resrpsrt of theNACA 66,1-u5
airfoil section was one of the ailerons%ested. The results of
reference 4 had shown, both theoretically and experimentally at low
speeds= that t@ hinge moments of a control swface could be reduced-by
tldckening end beveling the trailing edge. Additional,tests were made,
therefore, to determine the effects of compressibility on an
WA 66#-IL5 a&foil section e~~~pedwith a beveled–trailti+~e
aileron.

Section characteristicswere.@ermined fram complete pressure
distributions over the - Portion of the airfoil and the aileron.
The tests were
wing angles of

made for I&ch-numbers uy to 0.75 and included various
attack and aileron deflections.

The term ”main portion of-the @rfoil@’ is used herein to mean
that psi% of the airfoil excluding ths ailkmon. The aerodynamic coef–
ficients and other symbols used in this paper are as follows:

a speed of Eound in undisturbed etresm.

c section chord of airfo~ with aileron neutral (fig. 1)
(2.000.ft on model)

CM chord of main portion of airfoil

Ca section chord of aileron measured along chord from hinge axis
of aileron to trailing edge of aileron (O.400 ft on model)

Ch section hinge+ome nt coefficient of aileron about hinge axis dete~
mined from &essure+listribution data; component dtieto aileron

chord.force neglected
(W[a(%-%).j

.

“
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NACATN NO. 1596 3

% section pitching+oment coefficient of airfoil .ahoutquarter-
chord point of atifoil due to normal forces on main portion
of airfoil and aileron; components’due to chord forces on
main portion of wing and aileron neglected

c= section normal-force

c

‘a( )%J–pL b
()

–~ os8a– c~ca ‘h 4

0

coefficient of airfoil determined from
u

pressur-stribution data; component due to aileron chord

((force neglected ~ c
c

))
~~ + cac~ COS tja

c% section normal-force coefficient of main ‘portionof airfoil

(k[cM@ -94
detezmdned from pressure-distribution data

c% section normal-force

,

sure-distribution

M Mach number (V/a)

coefficient of

(1
Ca

data 1
<

—r

Mcr critical Mach number; that is, Mach

\lJo
/

●

aileron determined from pres-

( ))
‘L -Puti

number in undisturbed

P

stream at which local velocity first roaches local velocity
of sound at any point on airfoil surface

()

P2-P
pressure coefficient

q
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critical pressure coefficient; that is, pressure coefficient
at any point on airfoil surface where local velocity is
equal to local velocity of sound.

, static pressure in undisturbed stresm

local static pressure at a point on airfoil section

-c Pressure in undisturbed s@eam
()
;PT2

Reynolds nuniber (P~c/K)

radius of round nose of aileron (0.0710 ft on model)

velocity

distance
hinge

in undisturbed streem

along chord from leading edge of airfoil or from
axis of aileron

hinge-a@s location along airfoil chord from leading edge of
airfofl (1.6oo ft on model)

hinm-axis location normal to chord (0.007’5ft above chord
on model)

angle of attack

aileron deflection; positive when trailing edge is down

mass density In undisturlmd streem

coefficient of viscosity in und.isturledstresp

Subscripts:

u upper surface

L lower surface

APmRATm AI TDMETHODS

Apparatus.–The tests were made h the Langley 8-foot high-speed
tunnel, which is of the singl-eturn, circular-cross-eection,closed-
throat type. The air-stream turbulence, as titicated by c~~ative
airfoil measurements and by ho+wire measurements, is small but slightly
higher than that of the Langley twcAMmensional low-turlnihmce pressure

-.— ————_— .. . . .— -—— — - —–.- ...—.—. -



tunnel or that of free ah. At the the of the tests, the maximum Mach
number of the tunnel was a~o-tely 0.75.

The model used in this investigationwas a 2&inc&chord airfoil
with a 20-percentihord plain aileron, was of unMorm cross section,
and spanned the tunnel test section. The mati portion of the airfoil
passed through the walls of the tunnel with a small clearance gap and
was attached to the lmlance frame of the tunel in a maimer typical of
model installation in the Langley 8-foot higk+peed tunnel for tests of
this type (fig. 1). A gap of 1/16 inch was maintained between & ends
of the aileron and the tunnel walls to ~rmit deflection of the aileron.
The mafi portion of the model was of two-steel+par construction

with ~ –inch steel ribs and ~-inch cold-finished+teel skin built to

cotiorm to the ordinates of the WA 66,1-115 drfoil section as given
in table I.

Two aileron shapes were tested, and these shapes are desiccated as
the true—contour aileron and the beveled—trail~dge aileron. The
general dimensions of the airfoil section are given in figme 2, and of the
aileron sectionf3,h figure 3. The profile of the true-contour aileron
corresponded to the ordhrtes of the rear part of the w 66,1–u5
a~oil sectiog. The profile of the beveled-trailing-edge aileron was
fo~d by a 30 ~afi~dge -e ~ s~~t l~s ~ sho~ ~
figure 3; thus a profile which WSE thicker than that of the tru+contour

afieron resfited. T@ @-erms were constructed of solid dural a
were interchangeablyattached to the same mdn portion of the model by
six clamp-type hinges. The ailerons had no aerodynamic nose balance.
No seal was used between the main portion of the airfoil and the aileron
at any time during the tests. The gap between the aileron end the
aileron cover plates on both upper and lower surfaces was 0.002c (fig. 2).

1 inch steel.The cover plates were made of ~–

Sufficient stati+pressure orifices were installed on the main
portion of the nodel and on the ailerons to detezmine the complete
pressure distribution over the atioil. (fig. 2). The ortiices were
located in the region of the midspan of the model. The tests were made
with a model having aerodynamically smooth surfaces. .

Test procedure.- Airfoil normal-force, drfoil pitching+mne nt,
aileron normal-force, and aileron hinge—moment data were determined from
statit–pressure-distributionmeasurements wtich were obtained by photo-
graphing a multipletube liquid manometer. The tests were made at
various angles of attack and aileron deflections. Data were obtained
for both aileron configurateions at moderate deflections at Mach numbers
of 0.25, 0.35, 0.457, 0.55, 0.60, 0.65, 0.70, 0.725, end ap~oxhately
O.75; data were obtained also
for the true+ ontour aileron.

at Mach numbers of 0.45, 0.w, and 0.675

Data for the lerger aileron deflections were

——..- ----- —.—. .—..-. -.——— .. —- --.—.—— --—— ---



obtained at maximum test ~ch numbers which were lower than those fw
the moderate deflectio~. The test procedure consisted of setting the
aileron at a given deflection and then maldng tests through the _
of-attack range at each of the test Mach nuribers. The Reynolds nmiber
range of the tests is shown h .fi.gure4.

The discrepancies

I?REclxfm

between the characteristics of a section at the
mitipan region Gf the airfoil as meaeubed h th8 tunnel end the charac-
teristics of the airfoil ti free ti ere caused principally by the
effects of tunnel-wall interference, air leakage through the clearence
gap between the model and the tunnel -, and *1 air+rtream
turbulence.

An esthate of the tunnel+all interference corrections which
includes the effects of model co~iction, Wab blockage, and stre-
lhe curvature was made for the airfoil with the aileron unreflected
by the methods of references 5 and 6, which ere based on the assump-
tion that the caniberof the qirfofl is smll. For the value of the
ratio of model airfoil chord to tunnel diameter (0.25) used in the present
teslp, the magnitude of the tunnel-wall-interferencecorrections is quite
small. T&we corrections have not been applied to the data. At a Mach
nmiber of 0.70, the lbch number as presented is too low by 2 yercent.
At a Mach number of 0.70,and.an airfoil section nmmul-force coefficient
of 0.7, the airfoil section normal-force coefficient is too high b,yan
incremnt of 0.05, the section pitching

%
+mment coef icient is too high

by 0.W8, and the angle of attack is too low ly 0.1 . At a Mach number
of 0.70 and an -oil section normal-foroe coefficient of 0.2, the ax
foil section normel-force coefficient is too high by an increment

t coefficient is too high by 0.003,of 0.015, the section pitching+nmnan
and the angle of attack is too low by 0.02°. At lower Mach nunibers,the
corrections are less than those giv~n at a Mach number of 0.70.

The apperant choking Mach number of the model in the tunnel, based
on the ratio of the lyrojectedthickness of the model to the tunnd
diameter, w estimated to be 0.77 (reference 6). The data presented
herein at a Mach number of 0.75, which was close to the estimated choldng
Mach nunhr,
the ah? flow

The air
tunnel WaJls
measurements

should be consid&&i to be of doubtful validity inasmuch as
mey have been influenced by the inciyient choldng restriction.

Lx&age though the clearance gap between the mcdel and the
had an instiicamt effect since the pressursd.istribution
were made near

ratio (4.0) was lerge.
ere not lmown; however,

s~ed tunnel is low.

.

the

the mid.spanof the modei and the sp~hord
numerical effects of ~eem turbulence
turbulence level of the Langley &f cot high-

.—— . . .. –——— ——. —- —_____
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KESULTS

7

The aerodpamic force and mcmmnt data presented.
mined from the mechanical integration of diagrams of
ficient p plotted against chord for pressures over

herein were dete~
Wessure coef–
the upper and lower—

smfaces of the main portion of the atrfoil and of the aileron. These
data may be considered to le section data. In the preparation Of the
figures, the various aerodynamic coefficients ftist were plotted against
angle of attack at a given test Mach number and with aileron deflection
as a perameter. I&cm these basic plots, the variation of the coefficients
with Mach nuuber at a constant vslue of atrfoil section normal-force
coefficient and with ailerQn deflection as a parameter were dete-d.
Most of the data included in this paper have leen presented in this
mmner amd thus show the veriation of the coefficients with Mach nuniber
at a constant value of airfoil section normal-force coefficient.

Z@icalpresswre+ilstiibution @ots at sev=alliachnunibws far
an angle of attack of 1° and an ailbron deflection of 0° are given in
figwe 5 for the airfoilwiththe ~ontour aibro~ Infigwe 6
is shuwn the variation of section @oil angle of attack and section
pitching+nomnt coefficient with lkchnurtiberfar the drfoilwiththe
t~ontour -on at constant values of airfoil.section nmmal-
force coefficient. Plots of aileron seotion ncumil.<ace cc-efficient
and sectioning e+ament coefficient fcm the tzw+contow aileron
at~hnmer me tobe found in figure 7. Aileron section loads
q be determined frwnthme data.

Representative pressure distributions for the afioil with the bereled–
trafiing+dge afleron sre given in figure 8. These date are for en angle of
attack of 1° and an aileron deflection of OO. Figure 9 shows the variation
with Mach number of the section afioil angle of attack and section pitching-
moment coefficient of the airfoil with the beveled–trailing+dge aileron at
constant values of a~oil section normal-force coefficient. Figure 10
presents the aileron section normal-force and section hing~ nt characte-
risticsof the beveled–trailing+dge aileron.

The effects of the true+ontom aileron and W bevelmd—&raUing-
edge aileron on the cdz%oil secti~ornml-f arce-coefficient+nrve

()ACn ()Acnslopes — Euld— are compared in fi~e Ill..The
h &# Aba do

slopes shown are the average values fur angles of attack from-l” to 1°
and fm aileron deflections I&ml-l” to 10. The variation of dleron

section effectiveness -

()

* withhhchnniber for the airfoil.with
a Cn

the two ailerom at various values of @oil section namal-force

___ ...-_ .—...______ .—,.— —-. -.-. —.- --- —--— —-—.—-



8 m~~O. 1596

coefficient is given in figure 12.

(1

The TalueElof - ~— given are
Ma

the average values for aileron deflections from< to 4° fo~ the
airfoil with the tzmscontour aileron and from -4° to 6° for the atrfoil
with the beveled–trailing+iige aileron.

The variation of the section critical Mach nuniberof the atioil
with aileron deflection for the -oil with the two ailerons is given
in fi~e 13 for values of atioil section normal-force coefficient
from O to 0.6. The section critical l&ch number was determined from the
intersection of curves of minimum atioil pressure coefficient plctted
against Mach number with the curve of critical.pressure coefficient
plotted against &ch number. In a few cases, where the test Wch numbers
were telow the criticsl Mach number, the test data have been ex&a@.ated
a moderate amount to higher Mach numbers to obtain the critical Mach
nunber values.

One of the problems of high-speed flight is the wing twist during
rolling caused by the pitching moments developed by the lateral+ontiol
device. The rate of change of airfoil.section pitching-moment coefficient

with angle of attack
()

&m
b— C-Q

at a constant value of ahfoil section

normal-farce coefficient is an index of the tendency of an aileron to
Wst awing (as aresul.t of the pitcMngmmmnt developedby the aileron)
in terms of the section effectiveness develo~d by the aileron, and
therefore affords a proper comparison of the two ailerons as regsrds

&m
wing twisting. The ratio

()
was obtained by divi~ VdUeS

z-~
Acm

()of ~ by the’corre@mdlng values of aileron section effec-

()_$iveness & given in
a Cn

range as the data of figure

ratio
()
4
E- Cn

3s given in

f@re 12 and applies for the same deflection

12. The wariationwith~ch ntier of the

figure 14.

The section hinge+nome ()
Ah

nt-coefficient derivatives ~

‘( )ACh i~a}a==o
for the two configurations are presented in fiwe 15.

b— 5a=Oo

These slopes are the average values for a@Les of attack from-l” to 1°
and for aileron deflections from-l” to 1°. The action of the thickened
trailing edge in relieving h3nge moments is shown infigme 16 by
representative pressure distributions over the aileron for deflections
of ~“ and 4° at an an+jleof attack of 1°.

.
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The ~*&@ coefficie~ CD at an aileron deflection of 0° for
the two aileron configurations is shown plotted against Mach number k’
figure 17 for mriouE mikes of a~oil section normal+’orce coefficient.
The drag coefficientswere dete-d from forc+teet measurements of
the drag of the complete wing and are based on the effective area of thB
complete wing in the tunnel. ~ hag coefficients shown are not two-
dimension.aldata. The data are useful, however, @ shmdng the changes
in drag coefficient with changes in~chnudmr, andtlm relative effect
of the two ailerons on the drag coefficient.

Im3cmsIoN

Mleron Section Effectiveness

()The section effectiveness - &— of the ah’foh wit”heither
a Cn

aileron at moderate,deflections.decreased markedly with an increase in
Mch nuuder (fig. 12). This decrease between the l&ch nwibers of 0.25
and 0.75 amounted to about one+helf the l~peed values, at the lower
values of atrfoil section normal-force coefficient.

At a Mach number of 0.25, thickening the trailhgedge hadno
effect on the aileron effectiveness at moderate deflection at low
values of @oil section normal-force coefficient and reduced thSs
effectiveness at the higher values of -oil section normal.+force
coefficient (fig. 12). Low+qeed two-dimensional tests (references 4
and 7) have shown losses h aileron section effectiveness when the
aileron trailing edge was beveled, and low+peed three-ctlmensionaltests
(references 8 and 9) have shown similar losses in rolling effectiveness
for beveled ailerons. At test Mach nmibers greater than 0.25, the
present tests (fig. I-2)showed appreciable losses in section aileron
effectivenesswhen the aileron trailing edge was beveled.

The airfoil with the beveled–trailing-edge aileron showed a rather
abrupt loss in effectiveness at deflections greater than 12° for airfoil
section normal-farce coefficients of 0.4 and less, as indicated by the
data of figure 9. This almupt loss in effectiveness was the result of
stalling of the air fluw at deflections greater than 12° as indicated
by the pressure diagrams (not shown). At airfoil section ncumsl-force
coefficients greater than 0.4, the air flow was stalling at .a deflection
of 12° and at lower deflections. The stalling at the higher values of
airfoil section normal-force coefficient occurred more gradudly with
increase in deflection than at the lower values of airfoil section
normal-force coefficient, with a corresponding more Worm change
in a.~oil characteristicswith change in deflection.

The characteristics of the airfoil with the true-contour aileron
(fig. 6) at large deflections ere more umiform with change h deflection

.— —,.. .———.---—-- —.—- -—. ..— -----



than those for the airl?oilwith the beveled-trafing -edge aileron. The
~essure usgrams (not shown) indicated that at a defl-ectionof 18° the
iir flow followed the contour of the true-contour aileron quite closely
at the lower values of drfoil section normal<orce coefficient and the
lower Mach numbers. Separation occurred at the higher values of a3r-
foil section normel+orce coefficient and the higher Mach nunibers. At
a deflection of 12°, separation occurred at somewhat lower values of
a~oil section norml-force coefficient end Wch nuniberfor the *
foil with the true+ ontour aileron than for the drfoil with the
beveled–tiaiklng+dge aileron.

As mentioned previously in the section entitled “Apparatus and Methods-
the present tests were made with unsealed ailerons. Many tests have demon-
strated that the characteristics of an airfoil with a sealed aileron are
generally more satisfactory than those of an airfoil with an unsealed aileron.
One of the unfavorable effects ~ an uns.mled aileron gap is that the effes-
tiveness of the aileron is less than when the gap is sealed. The low=speed
data of references 8 and 9 indicate that an unsealed aileron gap reduces
ailekon effectiveness to a greater extent on au -oil with a %eveled-
trailing+dge aileron than on an dx’foil with a true-contour aileron.

.

Aileron Section Elnge Wnents

The section Mng e-mnment characteristics of the beveled-trailing-
edge aileron are irregular aa shown by the data of figure 10. In the
aileron deflection range fram a~ozlmately -@ to 4°, the variation of
section hinge+nme nt coefficient was irregukr both with Mach nmiber end
aileron deflection. At larger aileron deflections the characteristics
were more satisfactory.

Beveling the trolling edge reduced hinge moments by more than OG
half at some of the test conditions at the larger deflections. The
action of the thickened traiMng edge in changing the * flow about
ths aileron and in relieving hinge moments is illustrated by the chord-
wise aileron pressure distributions shown k figure 16. At positive
aileron deflections, the pressures on the aileron luuer surface are r
usually more positive than those on the aileron upper surface. The
bevel on the lower surface, where the pressures are more positive,
speeds up the flow to a greater extent than the bevel on the upper
surface; a hinge+mme nt ccmponent is thus intxmdued which acts h a
way to re~eve the main hinge ~. At negetive deflections, the
reverse aotion is generaUy true. I&cm these tests the action of the
bpvel appeared to be greater at positive deflections.

Large imxreases in the section hing~nt coefficient of the
~ontour ~ron at a defl-ectionof 18° occmred for some of the
ccmibinationsof l&ch number and airfoil section nrmmel<arce coefficient.
These increases in section hfcge+mme nt coefficieti were maimly due to
development of appreciable separation of the flow off the upper surface

. -—. . —..-—
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of thd aileron, the separation occurring at lower Mach
aizfoil.section normal-force coefficient was increased

I-1

numbers as the
(fig. 7). ‘

The section hinge+mome

U

ACh
nt slope for the true-contour

x. do

aileron at moderate deflections increased in magnitude between the l@ch
numbers of 0.25 and 0.68 by about three-fo@hs of the low-speed value
(fig. 15). At higher Mach numbers up to the ma@mum test Mach number
of 0.75, there was a reduction in magnitude of this hinge+oment
psrameter. The effect of beveling the aileron trailinn edge to en angle

of 30° was to cause en overbalance of the section parameter
()

ACh

my MO

at moderate deflections similer to that shown by other tests (references 8
to 10), and this overbalance was aggravated with Mach number

(fig. 15). The section hinge+mome
()

‘hnt sloye — for-the true-
Az 6=00

contour aileron was essentially constant up to a Mach number of 0.68 end
then rapidly increased in magnitude at higher Mach numbers up to the

maximum test llachnumler of 0.75. The section per~ter
()
‘h
h— ~~o

for the beveled–trailing-edge aileron was positive in algebraic sign and
appreciably increased in magnitude with Mach number.

Low-speed tests (references 9 and 10) have shown that reducing the
aileron gap or sealing the gap of a

()~ch
the pqameter ~ ~ but reduced

9
~ch

perameter
()
Z&

at small aileron

beveled aileron had small effect on

the overbalance of the

deflections.

Section lVormelForce

Airfoil.–
()

ACn
The section slope — for both configurations

LU 8a*0
increased with Mach number up to a Mach number somewhat greater than the
critical Mach number and then decreased with further increase in Mach

()number (figs. IJ.and 13). The section slope ‘a
‘a a==”

configurationswas not affected very much by Mach number
speeds, and decreased at supercritical speeds (fig. n).

for both

at subcritical

The effect of bevelhg the trailing edge was to reduce the section

()‘% ()ACnslopes
AZ ba=oo

and — end this effect is in qualitative
A8a ~+o

agreement with low-speed two-dimensional.and three-dimensional tests

—. .—..— .. ..- __ . .. —--—.. ——..,——- ..-.——. —._. —-——— .—. - . . . ..—. . . ..——
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(references 4, 7, and 8). A lower value

tsgeous in roll since the damping+ncmmnt
tbls param9ter.

WA TN NO. 1596

()ACnof would be adv~
h— 5

coefficient is a function of

Aileron.– Jn addition to relieving hinge maments, thickening the
aileron trailing edge reduced section aileron loads appreciably at
constant airfoil section normal-force coefficient (figs. 7 and 10), as
is to be expected from the action of the bevel on the @ flow (fig. 16).
The aileron load for the beveled–traillmg+dge aileron was effected quite
irregular~ by chenges h angle of attack, aileron deflection, and lkch
nmber.

Section Pitching Moment

The variation of section pitching+noment coefficient cm with Mach
number and aileron deflection is seen to be mnre reguhr for the airfoil
with the true+ontour aileron then for the airfoil with the beveled-
trafiing+dge afleron (figs. 6 and 9). Thickening the trailing edge,
however, reduced pitching+mme nt coefficients.

The pitching+mme nt coefficient of the drfoil with the beveled—
trail*dgO aileron was appro~tely the same ,magnitudefor deflections
of 1.2°and 18° at several of the airfoil section normsl-force coeffi-
cients (figs. 9(b), 9(c), 9(d), and 9(e)). For these conditions, the
flow followed the con our of the airfoil.at a deflection of 12°; whereas

3
at a deflection of 18 , there was appreciable separation. The effect
of separation was to change the section pitching+noment coefficient in
a positive direction. For the conditions represented in figure 9(f),
appreciable separation had occurred also at a deflection of 12°, with
a consequent spreading out of the section pitching--9 nt-coefficient
curves for deflections of 12° and 18°.

The section pitching+noment coefficient of the airfoil with the
tame-contour ail&on at a deflection of 18° decreased notably for some
of the caitctnationsof Mach number end airfoil section normal-force
coefficient. This decrease in section pitching~ nt coefficient was
_ due to th development of appreciable separationof the air flow
off the upper surface of the airfoil, the separation occurring at lower
Mach nunibersas the airfoil.section norma,l-forcecoefficient was
increased (fig. 6).

The section perametqr of the rate of change of airfoil section
pitching+mment coefficient with deflection per unit velue of aileron

()A%section effectiveness is a measure of the tendency of an
=~

aileron to twist a wing (as a result of the pitching moments produced by
the aileron) in terms of the.section effectiveness developed by the
aileron (fig. 14). It is seen that increasing the Mach nuuiberincreased

. ——— —— — .- -- . —— —
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()ACmthe Velue of
z Cn

for both configurations (fig; 14) and thereby

made the wing-twist problem at high speeds worse. The increase

().f 452 with Mach number was mainly due to the decrease in section
AU%

()

&effectiveness - —
B

with Mach number (fig. 12). The section
a~b

()
pitching+oment peremeter Q was gemmally less, end the Wch

b%

number effects were not so pronounced, for the configwat ion with the
beveled-trsiling+edgeaileron as for the configuration with the true-contour .

‘()ACm
aileron (fig. 14). The reduction in the parameter for the

K Cn

a~oil with the beveled-trailing+ dge aileron resulted from smaller

()ACmvalues of the section parameter
Z& ~’

which also decreased with

Mach nuniberinstead of increasing as was the case for the aW?oil with
the tru+contour aileron.

Section Critfcal Syeed

The section critical Mach number of the airfoil with either aileron
was 0.70 .atan airfoil section normal-fmce coefficient of zero and with
the aileron neutral (fig. 13). At positive aileron deflections the section
critical Mach number was essentially the same for the airfoil with either
ailmron except at an airfoil ~ection normal-force coefficient of 0.6, at
which value the a~oil with the beveled-trailing+dge aileron had lower
section critical-peed values. At negative deflections, the section
critical Mach number of the airfoil with the beveled-trailing+dge aileron
generally was lawer than that of the a~oil with the true-contour aileron.

In the data of figure 13, the upper surface of the main portion of
the a&foll was the critical sWace, except at negative aileron deflec-
tions greater than –7.5° at an atioil section no~-face coefficient
of zero, at which conditions the lower surface of the main portion of the
airfoil was the critical one. The pressures over the ailerons were more
positive than the minhum pressure occurring on the main portion of the
ab?foil for all test conditions, so that the critical Mach number of the
ailerons was greater than that of the main portion of the airfoil.

Figures 5 and 8 illustrate the characteristicallyflat chordtise
pressure distributions of the ffieries airfoil section and the effect
of Mach number on the ~essmea. The pressure diagrams over the groin
portion of tm airfoil.exe seen to be very s~ for both aileron
configurations. The typical large changes in pressure distribution at
super& itical Mach
ere to be noted.

num~ers for relatively a changes in Mach number

. . . ..___ . . ... .—-- .—— ——.———-----—— -.——- .— —______ .. .. .. —--- .. —-- ---
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wing Drag

The wing-drag data from forcstest measurement

NACA TN NO. 1596

(fig.17) showed
that, at constant drfo~ section normal-force coefficient and with the
aileron neutrel, beveling the trailing edge of the aileron increased
the drag of the airfoil. The increment in drag became greater at higher
vehes of airfoil section normel-force coefficient. The variation of
drag coefficient with l&ch number was essentially the same for both
configurations. The low-speed drag coefficient shown In figure 17 is
appreciably higher than the low-speed profi~ag-coeff icient value
of O.O@+ obtained in other tests (reference U.) for the WA 66,1-115
atioil section. The main reason for the discrepancy is the air leakage
thro@ the gap between the model and.the tunnel waUs, the effect of
the leakage being to increase the force drag of the wing. The SPO
wise gaps on the upper end lower surfaces of the wing between the aileron
and the aileron cover plates also ~obably increased the drsg of the
basic section scnmwhat.

CONM”~IONs

An investigationwas made in the Langley &foot high-speed tunnel
of the section characteristics of a 2&inch-chord WA 66,1–IJ-7airfoil
section equipped with unsealed 20-percent+hord plain ailerons of true-
ahfoil+ontour profile and 30° beveled–trtil~-eue profile. The
airfoil~was tested with aero-cdly smoth surfaces for Mach numbers
up to 0.75~ and for verious airfoil angles of attack and aileron d flec-
tions. 8The test Reynolds number at the highest speed was 7.5 x 10 . <
The following conclusions ere indicated:

-t)1. The aileron section effectiveness parameter ~ for
A5a &

both of the aileron profilms investigated decreased between the Mach
nfiers 0.25 snd 0.75 by about on+half the low-speed value, at the
lower values of atioil section normal-force coefficiea%.

2. The section pitching+mm nt parametw
()

A%
h— ~

for both aileron

profiles increased with Mach nuuiberand thereby ag@avated the wing-
twiat problem at high speeds.

3. Chsnging the aileron profile from the true+ontour profile to
the 30° beveled-trallhg+dge profile caused

(a) a decrease in ths aileron section effectiveness

()
.

parameter – ‘—
‘a ~

—_ ———— —-. ..—. —
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(b) a

(c) a

(d) a

(e) a

reduction in hhge maments, but
characteristics tieguler with

hinge+mment

deflections,
Mach number

()&h
paramter —

. ma a==”

15

made the hinge+uoment
an overbalance of the section

at moderate aileron

the overlmlance worsening with increase in

decrease in section

ACn( ).and—
A& do

decrease in tieron

normal-forc-urve slopes

section loads, at constant airfoil
section normel-force coefficient

general decrease in the section pitchin.g+oment

psnmeter
()
~

-kcn
o

(f) generalJy only small change in the section criticel Mach number
of the drf’oil at positive aileron deflections and a
decrease in section critical llachnumber at the larger
negative aileron tiflections, at cotitant airfoil section
normal-force coefficient

La@ley Aeronautical Laboratmy “
I?ational.Advisory Committee for Aeronautics

Langley Field, Vs., July 1, 19k8
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TABLEI

AIRFOILORDINATESFOR WLCA 66,1-115 AIKFOIL

&atim and ordinates in percent 6f wing chor~

Upper surface Lower surface

Station Ordinates Station Or&tee

1.lW 1.851 1.312 –1.744
2.4= 2.532 2.571 ~. 346
4.922 3.501 5.078 –3.185
7.419 4.239 7.581 -3.815
9.920 4.843 10 ● 080 -k.325
14.925 5.803 15.075 -5.131
19.932 6.535 20● 068 =5*739
24.942 7.095 25.058 4.200

29.953 7.505 30 ●047 -6.533

39.976 7.984 40.024 -6.912
44.988 8.o49 45.012 -6.951
50.000 7.988 50 ● 000 -6.884
\60.022 7.434 59.978 4.362
70.038 6.058 6#;g -5.086
80.040 4.023 -3.233
90.026 1.763 89:974 -1.245
95.014 .740 94.986 -.424
100.000 0 100.000 0

Slope of radlua through L.E.: 0.062
L.E. radius: O.0161c

. .-. .._—. . .. ..- ,.. _ -——--————.. . . .. —.— -. .__ ._. ________ ___ . .. .. . -_ .. ____ _______
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Figure 1.- Method of model installationin Langley 8-foot high-speed tunnel for present tests.
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